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(54) Diterpenes and f tevonoids as 5-alpha-reductase inhibitors 

(57) Strong 5a-reductase inhibitors are extracted 
and fractionated from Thuja orientalisis and other simi- 
lar crude drugs or they may be purified as diterpenes in 
isolated form. The inhibitors are used either on their 
own or as active ingredients of therapeutics in the treat- 
ment of diseases caused by the overactivity of 5a- 
reductase or the hypersecretion of androgens, such as 
male pattern baldness, androgenetic alopecia, hir- 
sutism, acne, prostatomegaly and cancer of the pros- 
tate. 
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^™ as ^ »e nonstero*, 

be chromatographically or otherwise isolated Ji S fl S *?* ^ ** thefHpeutics " »ey may 
apeutics of the invention exhibit pronounced r^a^S^^^ 6 ^ 8 ^'^^ T" 6 *"- 
androgen* fo aiopecia. hirsutism ."acne. pnJSS^SSS 'pST ^ " "* P "" 8m ^ 
Prior Arf 

DHT ,s produced in a target organ by the reductionT^3^ i 8 "******""* (DHT). Since the 
develop Jerapeutics of androgenetic 'diseases^ ^S^^^^ "J* eflbrts are b ^ — • *> 

The 5a-reductase inhibitors are known to be avateblJ »« VSl ^1 rt0re as acbve in 9 redie "te. 
being suitable for clinicaJ application, ^e ^^l^^.^^ nonsteroids are far from 
^realization but they cause the inevitable side eff^Zemit^ ***** aoVanced «*B« of com- 

theste^Sa-reductaseinhibHorsareirrfect^ 

drawal syndrome arKt adrenal insuffidency;meinhS mental disorders, hypertension, with- 

h-rsutism. emmenipathy. edema, insomnia such as moon face, obesity, acne, 

Cn.ca. effeds but also unwanted side effects. eoX^p^nCSlSv h 1^ ^ ° n,y ,ne intended 
.rrwm necessary dose for the dinical efficacy while ta^ 

Crudedrugs which are of plart origin are mostlyl^inir^^ 
pronounced efficacy against androgenetic dfeeaS ^ ' n8,deeffedS ^ ver y ,w 01 ^ have been found to exhibit 

30 

covered that a number of crude drugs had a Sa-Zu^L ^^ effectS - 71)6 presem '^ntors first dis- 

35 SUMMARY nF THF , mTrmnr | 

^™ 

amounts and exhtofted a higher inhibftirTSfon components (A and B) were contained i^Sali 

isolate Aand Bar* analyzed 
a silica gel column and treated by pr^^^^ 

inhibitor from component B was iH^^^S^^ T T t0 180,3,6 *2S 
no.ds as inhibitors vras examined by dLJSrThe^ 

drugsincludirea;^ isi^^ve^TZ^^ 'ST*" 0 * <* crude 

NlS^mirM andiuc^n^S and 
reductase inhibiting action and which" % 22£ SSlTJE Th^' COmP ° UndS ' S 
therapeutics on their own or as active LSierts Zr!ofTf I ^L^ 6 d,te, P enes and f lavonoids could be used as 
of Sa.ejdase or the r^ersea^T^en V^^S^TT^^^^^ 
these findings. ° 9ens - ,ne P resent ,nv en*'on has been accomplished on the basis of 

DiSdOSUre of the Difr rpan^ 
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Specific examples of these compounds are listed below: 

35 (EJ-S-hydroxy-SCITJ.Ig.H-labdatrlen-IS-oic acid; 

(E)-8(17),12J4-labdatrien-18-oic acid; 

(E)-7-hydroxy-8(1 7),12,14-labdatrien«18-oic acid; 

(E)-12,14-labdadien-3 t 8-diol; 

(E)-12, 1 4-iabdadien-6,8-diol; 
40 (E)-12, 1 4-labdadien-7,8-diol; 

(E)-12,14-labdadien-8,11-diol; 

(E)-1 2, 1 4-labdadien-8, 1 8-dio) ; 

(E)-1 2, 1 4-labdadien-9, 1 84iol ; 

(E)-1 2, 1 4-labdadien-1 ,8, 1 8-triol ; 
45 (E)-12,14-labdadien-6,7,8-triol; 

(E)-1 2, 1 4-labdadien-6,8. 1 8-triol ; 

(E)-12,14-labdadien-8-ol; 

(E)-8( 1 7), 1 2, 1 4-labdatriene; 

(E)-7,12 ( 14-labdatrien-6,17-diol; 
so (E)-8{17) ( 12,14-labdatrien-3,19-diol; 

(E)-8(1 7), 1 2, 1 4-labdatrien-1 8, 1 9-diol; 

(E)-8(1 7), 1 2, 1 4-labdatrien-3-ol; 

(E)-807) t 12,14-labdatrien-7-ol; and 

(E)-8(1 7), 1 2, 1 4-labdatrien-1 9-ol. 

55 

pqiEF P5SCRIPTIQN QF THE PRAWINQS 

Fig. 1 is a graph comparing the extracts of Thuja orientalisis (components A. B and C) with the prior art steroids 
f lutamide and cyproterone in terms of their activity of inhibiting 5a-f eductase; and 
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PE-SCRIPTION QFTHF PR EFERRED EMBODIMENTS 

The present ^vertfon will new be descrtoed wrth reference to rts preferred errfcotfmenfc. 
Example -\ 

and f fltered. The s^S£e iTdSilS Tof^nlr * and *» mixture is heated^Tref lux 

.about twice the amount of ^^SSS^^S^^ ktt ^^^^ 
.nth^fiftratefedistlled off under ^X^^^ b ^^^^^^bs^ 

Je sta^S^^X^elSfe 7s* ^ ^ is *" <"* »• of 
d-stilled off under vacuum. To Zesidue puJSC L J 2£ ^ "* ^ ,atered 77,6 ^ in 1,16 ««o * 
-ng Tbm fldsntelias and the mixture is SeZl^^^ 

vacuum to yield a soiid residue (component B) X2Et2£^ " *" r6SidUe iS dist,,,ed °" 

This is not the only procedure for extractinn a ^ « recovered as component C. 

replaced by other solved such « £52? XT A ' 8 C the n-hexane may be 
cient and achieves high yield. ' petro,eum benz,ne and benzene. The described procedure is effi- 

A flowchart of this process is set forth below in Table 1. 
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Table 1 
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Thuja orientalisis powder 

— extract with hexane and heat under reflux 

— filter 



r 1 

filtrate i - residue 

— extract with IN NaOH | — dissolv e in MeOH 



residue 



I 

extract 



residue filtrate 



render acidic — 




withHCI 




extract with 




CH 2 C1 2 





dissolve in 

60%EOH 



residue 



filtrate 



aqueous 
layer 



organic 
layer 



distil off solvent 
under vacuum 



Component C | [Component B 



dissolve in 
CH2CI2 



residue filtrate 



distil off solvent under vacuum 
dissolve in 60% EOH 



distil off solvent 
under vacuum 



Component B 



FCsidue 



filtrate 



_ distil off solvent 
under vacuum 



Component A 
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reductase inhibitors. * 9 ' fr0m whch one <*" see that components A and B are Se 5a 



Table 2 



Rat(SD, 7-wk old, females) 

— anesthetize 

— bleed with sucrose sol. 

— remove liver 



liver 

— homogenize 

— centrifuge at 10 4 g X 20min. 



precipitate supernate 

— centrifuge at 10 4 g X 20min. 



precipitate supemate 

— centrifuge at 10.5 4 g X 20min. 



precipitate 



supernate 



suspend in sucrose sol. 

crude enzyme sol 

y S01 - sucrose sol. consisted of 0.25M sucrose 

and ImM EDTA Na 2 . 
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Table 3 
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1) Reagent 


Amount of 


Final concent- 




addition, ml 


ration, mmol/L 


0.28 mM Testosterone 


0.25 


0.07 


(10% MeOH sol.) 






50mMTris-HClsol. 


0.1 


5.0 


(PH7.0) 






50 mM NADPH sol. 


0.1 


5.0 


Sample (in 60% EOH) 


0.05 




Crude enzyme sol. 


0.025 




Purified water 


0.475 




To make 


1.0 




Extractant: 


2.0 




dichloromethane 







2) Method 



Testosterone sol. 
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^Tris-HCl buffer sol. 
NADPH sol. 
Sample sol. 
Crude enzyme sol. 
Purified water 
^ Dichloromethane 

Immediately stir for 30 sec. 



— Centrifuge at 3000 

rpmx lOmin. 



I 

Aqueous layer Dichloromethane 

layer 



r Tris-HCl buffer sol 
NADPH sol. 

— "S Sample sol. 
Crude enzyme sol. 

^ Purified water 

Leave at 37*C X 20min. 

— Add dichloromethane 
Stir for 30 sec. 

- Centrifuge at 3000 rpm X lOmin. 



Aqueous layer Dichloromethane 

layer 



• Measure absorbance 
at240nm 

|Aq for blank 



L 



Measure absorbance 

at 240 nm 

A20 for sample | 
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Examp le ? 



Table 4 



Component A 





n-hexane/ethyl acetate 




(30:1)^(30:2) 




Isolate UV absorbing 




component 


Oelc 


hromatoprfl P h Y i 




Sephadex LH-20/MeOH 
Further purify to obtain 
two components 


Terpenoid 



— Distil offEOH under vacuum 

— Add IN KOH to render basic 

— Add hexane and leave the 
mixture to stand 



eous Amorphous 
layer . solid 



Organic layer 

I 



—Filter 



. ' 

Crystal Organic layer 

— Recrystallize from benzene 



Terpenoid 



Table 5 



Component B 



Gel chromatnpraphy 

Sephadex LH-20/MeOH 
Isolate UV absorbing component 



Flavonoid 
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Example 4 

The 5a-reductase inhibitors extracted from Thuia orientaiisis were examined for their efficacy against male pattern 
baldness in stage V. The test samples were components A, B and C, as well as the terpenoid isolated from component 
5 A and the (iso)scutellarein isolated from component B, which were each dissolved at a concentration of 1 % in 50% alco- 
hol. These samples were daily applied on a twice-a-day basis for a period of 4 months to the bald heads of 27 - 45 year 
old male volunteers in five groups each consisting of 5 cases. The test samples had no significant difference in thera- 
peutic effects and all of them caused pronounced regrowth of hair. The extracts of Thuia orientaiisis were also examined 
for their efficacy against androgenic alopecia in women and there was found no significant difference by sex 

w 

Examples 

Male hirsute volunteers (aged 25 - 40) had the hair in both inferior limbs depilated with wax in an area of 5 cm 2 . To 
the depilated area of one inferior limb, component A, B, the terpenoid isolated from component A or the (iso)scutellarein 

is isolated from component B that were dissolved at a concentration of 1% in 50% alcohol was applied. The depilated area 
of the other inferior limb was set aside as a control section and treated with 50% alcohol alone. Each volunteer group 
consisted of 5 cases. Regrowth of hair was significantly suppressed in the test sections as compared to the control sec- 
tion. When the experiment ended 3 months later, the control section was indistinguishable from the surrounding area 
but the regrowth of hair in the test sections was barely recognizable. There was also found no significant difference in 

20 efficacy among the test samples. 

Example 6 

Patients in their twenties suffering from acne were divided into four groups, each consisting of 3 males and 3 
25 females. Component A, B, the terpenoid isolated from component A or the (iso)scute!larein isolated from component B 
which were each dissolved in 1,3-butylene glycol at a concentration of 1% was applied to the diseased area of each 
person's face after washing with takallophene soap. The application was done daily on a twice-a-day basis and contin- 
ued for a period of 2 months. The acne in each patient was diagnosed as being moderate and a mixture of comedones 
(primarily whiteheads), papules and pustules. 
30 The therapeutic effects of the test samples were obvious; 60% of the treated cases were almost cured; 30% was 
half cured; and 10% showed a 30% reduction in severity. There was found no significant difference in efficacy among 
the test samples; the difference by sex was also insignificant. 

Example 7 

35 

Among the diterpenoids to be used in the invention, (E)-8(17),12,14-labdatrien-18-oic acid may be extracted and 
isolated in pure form by the following procedure. 

A powder of Thuia orientaiisis is mixed with about 5 volumes of n-hexane and the mixture is heated under reflux 
and filtered. The solvent in the filtrate is distilled off under vacuum and the residue is dissolved in 60% ethanol which is 
40 about twice the amount of the starting Thuja orientaiisis powder. The undissolved portion is filtered off and the solvent 
in the filtrate is distilled off under vacuum to yield a solid residue (component A). 

This is not the sole procedure for extracting and fractionating component A and the n-hexane may be replaced by 
other solvents such as petroleum ether, petroleum benzine and benzene. The described procedure is efficient and 
achieves high yield. 

45 Thus obtained component A is passed through an open silica gel column with a mixture of n-hexane and ethyl ace- 
tate being used as a developing solvent system. Following TLC on a thin layer coated with silver nitrate, the active spot 
containing the desired inhibitor was scraped and passed again through an open silica gel column to prepare a pure 
sample. 

A flowchart of this process is set forth below in Table 1\ 

so 
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Table V 



IhUia orientalist powder 



Extract with hexane and heat under reflux 



Filter 



Fikrate Residue 
Distil off solvent under vacuum 



Dissolve in 60% EOH 



Fi, 



ter 



Filtrate 



Residue 



Distil off solvent to yield 
component A VarF ... 

. Perform silica gel column chromatography 

| with n-hexane/ethyl acetate 

Open silica gel column (30: 1 )~(30:2) 

Isolate UV absorbing component 
Preparative TLC on thin layer coated with silver nitrate 



Open silica gel column 



Sample 



Perform TLC with n-hexane/ethyl acetate (7:3) 



Serape the spot of RF 0.4 - 0.6 



55 Example $ 
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triplet peaks occurred at 5 values of 5.4 and 5.3. Since the integral was 1 at 6 = 6.3 and 5.4 and 0.7 at 6 = 6.8 and 5.3, 
two substances of similar structures having respective triplet and quartet peaks in pairs were assumed to be present in 
component A. To varify this assumption, component A was subjected to preparative TLC on a thin layer coated with sil- 
ver nitrate, whereby the two substances could be isolated. 

5 These substances were characterized for their structures by measuring 1 H and 1 3 C NM R spectra, mass spectrum, 
ir absorption spectrum, uv absorption spectrum and optical rotation; as a result, both substances were estimated to be 
8(17), 12,14-labdatrien-19-oic acid having the labdane skeleton. In order to identify their stereostructures, a NOESY 
plot was taken for the protons in the 1 H NMR spectrum; in one compound, correlationship was found between the 14- 
position and each of the 15- and 12-positions and in the other compound, correlationship was found between the 14- 

10 position and each of the 15- and 16-posrtions; hence, the two compounds were estimated to be of an (E)- and a (Z)- 
form, respectively. Similarly, an absorption occurred at 990 cm" 1 and 770 cm" 1 in the ir spectrum. Hence, the two com- 
pounds were determined to be (E)- and (Z)-8(17),12,14-Jabdatrien-19-oic acid. 

A crude enzyme solution for assaying the 5a-reductase inhibiting action was prepared according to the procedure 
already set forth in Table 2. 

is Using the thus prepared crude enzyme solution, the 5a-reductase inhibiting action was assayed by the method set 
forth in Table 7 under 2). 
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Table 7 



1) Reaction fluid 



w 



15 



20 



25 



Ingredient 


Amount of 
addition, ml 


Final concent- 
ration, mmoI/L 


u.28 mM testosterone 
(in 10% MeOH) 

50 mM Tris-HCl buffer solution 
(PH7.0) 

50 mMNAPH solution 
Sample (in 60% EOH) 
Crude enzyme solution 
Purified water 
To make 


0.25 

0.10 

0.25 

0.25 

0.025 

0.325 

1.0 


0.07 

5.0 

5.0 



2) Assay method 



30 



35 



'min. 



Reaction fluid 

i 

Incubate at 37°C X 20 1 

" Extract testosterone with dichloromethane 
Stir 30 min. 

I 

Centrifuge at 3000 rpmx 10 min. 



40 



45 



I 

Aqueous layer 



Measure absorbances A* and A*, at 240 



Dichloromethane 
layer 



nm 



so 



•For measuring K , the reaotlo „ flulfl ^ dlohloroine):hane 
were charged siuuitaneously and the nature was Mediately 
stirred without incubation. Por aeasuring a, en d on tha 
oontrol. the sample was subjected to reaotion in 60* ethanol. 
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The extract of Thuja orientaiisis (component A), the trans-communic acid isolated from component A, f lutamide and 
cyproterone were measured for their activity in inhibiting 5a-reductase in yjfcg and the results are shown graphically in 
Fig. 2. The percent inhibition of 5a-reductase was calculated by: 



L expA0-A20 \ 
V contA0-A20r 



Example 9 



10 Patients in their twenties who were suffering from acne were divided into five groups each consisting of 3 males 
and 3 females and treated with a lotion of the following formula prepared in accordance with the invention. 



Table 8 



15 


Ethanol 


50% 




1,3-Butylene glycol 


20% 




HCO-60 


3% 


20 


Dherpene 


1% 




Purified water 


26% 



25 



30 



The lotion was applied to the diseased part of a patient's face after washing with takallophene soap and the treat- 
ment was conducted daily on a twice-a-day basis for a period of 2 months. The acne in each patient was diagnosed as 
being moderate and a mixture of comedones (primarily whiteheads), papules and pustules. 

The results were evaluated by the following criteria: 3, cured completely; 2, half cured; 1 , cured 30%; 0, not cured. 
The highest score was 18 and the lowest score was 0. 



Table 9 





Diterpenoid 


Score 


35 




1 mol 


2 mo. 




Sample I 


8 


18 




Sample II 


10 


18 




Sample 111 


9 


18 


40 


Flutamide 


4 


8 




Water 


0 


0 


45 


Sample I: (E)-8(17),12,14-lab- 
datrien-19-oic acid 
Sample II: (E)-8(17),12,14-lab- 
datriene 

Sample III: (E)-8(17),12,14-lab- 
datrien-19-ol 
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The therapeutic effects of the three drterpenoids under test were obvious and there was no significant difference in 
efficacy among them. There was also found no significant difference by sex. 
Another formula of acne curative may be as follows. 
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Table 10 


5 


Ingredient 


Percent 
by weight 




Trans-diterpene 


0.01 - 1.0 




Synthetic silica alumina 


1.0-3.0 


10 


Takallophene 






Urea 


2.0 




Sodium salicylate 


0.2 


15 


Solvent 


to make 100 



When the diterpene and takapherone were ,WnA^ * 

20 4 months of application: 5 cases cured con*ete?£d « m*£ZL 44 9ave the followin 0 

decrease in the number of eruptions to one thirdorless 8 pronounced effe « as evidenced by the 

Example jo 



25 ^-"ssssrc--- 



baldness in stage V The 



30 



Table 11 


Ethanol 


I 50% J 


Propylene glycol 


10% 


HCO-60 


3% 


Diterpene 


1% 


Purified water 


36% 



40 



evaluated by the following criteria base^ on ^e^ea^rl M ^ to6m ^^^e^^S^ 
regrowir* hairs: to (alopecic area decked to tTo^ 2 hSSl? ^ a,0peCiC ,esion and *• <£*5 
decreased to 1/3 or less and hair density leased Zm^V^'^ S ^^ w ^^^opecicar^ 

£2 inCreaS6d by 1/5 ° r ^ 2 (ScTrel Irease^ 1ui ( a Sf C !T * 1/2 " ™S 
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Table 12 



Diterpenoid 


Score 




0 mo. 


1 mo. 


2 mo. 


4 mo. 


6 mo. 


Sample I 


0 


1 


4 


7 


10 


Sample II 


0 


1 


4 


7 


10 


j Sample III 


0 


0 


4 


7 


10 


i Flutamide 


0 


1 


2 


2 


4 


| Water 


0 


0 


0 


0 


0 


Sample I: (E)-8(17)J2J4-labdatrien-19-oicacid 
Sample II: (E)-8(17),12,14-labdatriene 
Sample III: (E)-8(17) ( 12,144abdatrien-19-ol 



20 The three diterpenes under test had no significant differences in therapeutic efficacy and they all proved to be def- 
initely effective in curing male pattern baldness. 

Example 13 

25 An experiment was conducted on 5 hirsute male volunteers aged 25 - 48. The center of each straight leg was depil- 
ated with wax to create a lesion about 2 cm wide and 3 cm long. The depilated lesion on one inferior limb was treated 
with 50% ethanol and the lesion on the other inferior limb was treated with 0.1% trans-communic acid dissolved in 50% 
ethanoi. The application was done daily on a twice-a-day basis for 3 consecutive months. The results were as follows. 

30 

Table 13 



Case 


Control section 


Test section 


A 


Regrowth of hair in the 
depilated area was 
indistinguishable from 
the hair density in the 
surrounding area. 


No regrowth of hair in the 
depilated lesion 


B 


do. 


do. 


C 


do. 


Regrowth of a few hair 


D 


do. 


No regrowth of hair 


E 


do. 


do. 



45 



Example 14 

so Five women (aged 20 - 35) suffering from idiopathic hirtuism were treated with 0.1% trans-communic acid in 50% 
ethanol that was applied daily to a wax depilated area of the right forearm on a twice-a-day basis. Depilation was 
repeated every other month until the end of the experiment. The overall results of the experiment are shown in Table 1 4 
below. 
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A 
B 
C 
D 
E 



Table 14 



First measur ement (before treatment) 
Hair density 



Hair length, mm 



thick 
thick 
thick 
thick 
thick 



peaked at ca. 10 mm 
peaked at ca. 6 mm 
peaked at ca. 10 mm 
peaked at ca. 8 mm 
peaked at ca. 7 mm 



Sixth measurement 



Hair density 



sparse 
a few 
sparse 
a few 
a few 



Hair length, mm 



peaked at ca. 10 mm 

ca. 1 mm 
peaked at ca. 3 mm 
ca. 2 mm 
ca. 1 mm 



20 



25 



Measurements were conducted on the hairs attached to the cloth used for wax delation. 
Example 1$ 

prostatic cancer strain R3327-G beneath the dorsal sWnWl^ with androgen-dependent rat 
mats were divided into test and comroTlu^W !S n ™ tumors 9 rew to a specified size, the ani- 

addarKtf.utam W ein0.5%CM^^^ 

cte were administered perorally via an ISfSSn^SZS^ 0.5% CMC alone. Thedrugs and the vehi- 
oncesKiay basis. The tumor volume ^ £T StaJT^^^^^ 00 ^ 1 ^^ 0 ^ 
xthesquareofminoraxis(mmV.ThedmgsTeLaSa?i^ If * major 8x18 (™> 

to suchadegree that the tumor volumewasTnZ^^ 

Claims 
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tion taking the configuration E. the 12- and 14-posit.ons. with the double bond in the 12-posi- 



6. A curative according to claim 1 or 5. wherein the disease 



caused by the overactivity of 5a-reductase or the hyper- 
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secretion of androgens is male pattern baldness, androgenetic alopecia, hirsutism, acne, prostatomegaly or cancer 
of the prostate. 
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Fig. 2 




0 1 2 3 4 5 



Concentration, mg/mL 
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(57) Strong 5a-reductase inhibitors are extracted 
and fractionated from Ihuj§ QnentaKsis and other simi- 
lar crude drugs or they may be purified as drterpenes in 
isolated form. The inhibitors are used either on their 
own or as active ingredients of therapeutics in the treat- 
ment of diseases caused by the overactivity of 5a- 
reductase or the hypersecretion of androgens such as 
male pattern baldness, androgenetic alopecia hir- 
sutism, acne, prostatomegaly and cancer of the pros- 
tate. 
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"diseases caused by the overactivity of 5 alpha reductase or the 
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application because it is not known which diseases do or do not fall 
under these definitions. 

The definition of the compounds in claim 5 as M . .diterpene that has a 
double bond in the 12- and 14- positions, with the double bond in the 
12-position taking the configuration E a is not clear and concise and the 
nomenclature used is non-standard. It is not clear which group of 
compounds is intended. 

For these reasons the search has been restricted to the specifically 
mentioned diseases and compounds. 



0 



Claim(s) searched incompletely: 
1-6 



6 



